Substitutions in conserved dodecapeptide motifs that uncouple the DNA binding and DNA cleavage activities of PI-SceI endonuclease.
The PI-SceI endonuclease from yeast belongs to a protein family whose members contain two conserved dodecapeptide motifs within their primary sequences. The function of two acidic residues within these motifs, Asp218 and Asp326, was examined by substituting alanine, asparagine, and glutamic acid residues at these positions. All of the purified mutant proteins bind to the PI-SceI recognition site with the same affinity and specificity as the wild-type enzyme. By contrast, substituting alanine or asparagine amino acids at the two positions completely eliminates strand cleavage of substrate DNA, whereas substitution with glutamic acid markedly reduces the cleavage activity. Experiments using nicked substrates demonstrate that the wild-type enzyme shows no strand preference during cleavage. These results are consistent with a model in which both acidic residues are part of a single catalytic center that cleaves both DNA strands. Furthermore, substrate binding by wild-type PI-SceI stimulates hydroxyl radical or hydroxide ion attack at the cleavage site while binding by the alanine-substituted proteins either stimulates this attack significantly less or protects the DNA at this position. These finding are discussed in terms of possible reaction mechanisms for PI-SceI-mediated endonucleolytic cleavage.